Spontaneous pacemaker γ-aminobutyric acid (GABA) receptor-mediated synaptic activity (PGA) occurs in a subset of tissue samples from pediatric epilepsy surgery patients. In the present study, based on single-cell electrophysiological recordings from 120 cases, we describe the etiologies, cell types, and primary electrophysiological features of PGA. Cells displaying PGA occurred more frequently in the areas of greatest anatomical abnormality in cases of focal cortical dysplasia (CD), often associated with hemimegalencephaly (HME), and only rarely in non-CD etiologies. PGA was characterized by rhythmic synaptic events (5-10 Hz) and was observed in normal-like, dysmorphic cytomegalic, and immature pyramidal neurons. PGA was action potential-dependent, mediated by GABA A receptors, and unaffected by antagonism of glutamate receptors. We propose that PGA is a unique electrophysiological characteristic associated with CD and HME. It could represent an abnormal signal that may contribute to epileptogenesis in malformed postnatal cortex by facilitating pyramidal neuron synchrony.
Introduction
Cortical dysplasia (CD) is a neurodevelopmental disorder characterized by cortical dyslamination and, in severe cases, the presence of aberrant cells including dysmorphic neurons and balloon cells (Taylor et al., 1971) . CD is the most common pathological substrate in pediatric epilepsy surgery patients (Harvey et al., 2008; Lerner et al., 2009; Mathern et al., 1999) and seizures are usually refractory to antiepileptic drugs (AEDs) (Barkovich et al., 2012) . Tuberous sclerosis complex (TSC), a genetic autosomal dominant disorder characterized by cortical and subcortical tubers, displays similar histopathologic features as severe CD, and also presents with a high incidence of epilepsy.
Previous studies have characterized some of the morphological, electrophysiological, and molecular biological features of abnormal cells in CD and TSC (Cepeda et al., 2003; Crino, 2010) . For example, our group demonstrated that balloon cells are unable to generate epileptic discharges due to the lack of ionic conductances required for the generation of action potentials and do not receive synaptic inputs (Cepeda et al., 2005b) . In contrast, dysmorphic cytomegalic pyramidal neurons display increased Ca 2+ conductances and reduced Mg 2+ sensitivity, suggesting that they have a role in epileptogenesis (Andre et al., 2004 (Andre et al., , 2007 Cepeda et al., 2003 Cepeda et al., , 2005a Cepeda et al., ,b, 2006 Cepeda et al., , 2007 Mathern et al., 2000) . We also demonstrated that the frequency of spontaneous GABA A receptor-mediated synaptic activity, relative to glutamate receptor-mediated synaptic activity, is increased in CD compared with non-CD cases (Cepeda et al., 2005a) . This led us to propose a developmental dysmaturity hypothesis of epileptogenesis in CD (Cepeda et al., 2006) . Other findings from our investigations have shown that CD tissue contains elements of abnormal neuronal maturation. For example, CD cases often contain clusters of immature pyramidal neurons showing signs of increased membrane excitability (Cepeda et al., 2007) . In a subpopulation of immature pyramidal neurons we observed the occurrence of spontaneous, rhythmic GABAergic synaptic events (Cepeda et al., 2003) . As rhythmic activity could promote epileptogenesis by contributing to network synchronization, the present study was designed to further investigate the incidence and principal characteristics of pacemaker GABA synaptic activity (PGA) in pediatric epilepsy surgery cases.
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